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February 18, 2004

EPA-SAB-CASAC-04-004

OFFICE OF THE ADMINISTRATOR
SCIENCE ADVISORY BOARD

The Honorable Michael O. Leavitt
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, NW
Washington, DC 20460

Subject: Clean Air Scientific Advisory Committee (CASAC) Particulate Matter (PM)
Review Panel’s Ongoing Peer Review of the Agency’s Fourth External Review
Draft of Air Quality Criteria for Particulate Matter (June 2003); and Peer
Review of the Review of the National Ambient Air Quality Standards for
Particulate Matter: Policy Assessment of Scientific and Technical Information
(OAQPS Staff Paper — First Draft) (August 2003) and a Related Draft
Technical Report, Particulate Matter Health Risk Assessment for Selected
Urban Areas (Draft Report) (August 2003)

Dear Administrator Leavitt:

EPA’s Clean Air Scientific Advisory Committee (CASAC), supplemented by expert
consultants — collectively referred to as the CASAC Particulate Matter (PM) Review Panel
(“Panel”) — met in a public meeting held in Research Triangle Park (RTP), NC, on November
12-13, 2003 to: (1) discuss follow-on matters related to its ongoing peer review of the two-
volume, June 2003 draft document, Fourth External Review Draft EPA Air Quality Criteria for
Particulate Matter (EPA/600/P-99/002, aD, bD); and (2) conduct a peer review of the Review of
the National Ambient Air Quality Standards for Particulate Matter: Policy Assessment of
Scientific and Technical Information (OAQPS Staff Paper — First Draft) (EPA-452/D-01-001,
August 2003) and a related draft technical report, Particulate Matter Health Risk Assessment for
Selected Urban Areas (Draft Report) (August 2003).

This meeting was, in part, a continuation of the CASAC PM Review Panel’s review of
the Fourth External Review Draft of the Air Quality Criteria Document (AQCD) for PM in the
current cycle for reviewing the National Ambient Air Quality Standards (NAAQS) for PM. As
noted below, the Panel held extended discussions with EPA staff members on the plans for the
completion of the AQCD for PM. The revised draft Chapters 7 and 8 of the Fourth External
Review Draft of the PM AQCD were provided to the Panel and the public on December 30,
2003. A CASAC PM Review Panel teleconference to discuss these two revised draft chapters
was held on February 3, 2004. The draft version of the integrative synthesis chapter (Chapter 9)



is expected to be available shortly. A subsequent meeting of the Panel is planned when the
remaining issues related to Chapters 7 to 9 will be reviewed.

In addition, the Panel reviewed the first draft of the Staff Paper (SP) for PM. This
version of the staff paper was a preliminary version since the Panel has not yet closed on its
review of the PM AQCD. In addition, further risk analyses and analyses of alternative forms of
the PM standards are planned and will be included in the next version of the staff paper that will
be presented to the CASAC PM Review Panel following the completion of the review of the
AQCD for PM. However, the Panel felt it was very useful to be able to review the SP in it
current form and to raise issues that are seen to need addressing while the air quality criteria
document is being finalized.

1. Background

The CASAC was established under section 109(d)(2) of the Clean Air Act (CAA or
“Act”) (42 U.S.C. 7409) as an independent scientific advisory committee, in part to provide
advice, information and recommendations on the scientific and technical aspects of issues related
to air quality criteria and national ambient air quality standards (NAAQS) under sections 108 and
109 of the Act. Section 109(d)(1) of the CAA requires that EPA carry out a periodic review and
revision, where appropriate, of the air quality criteria and the NAAQS for “criteria” air pollutants
such as PM. EPA is in the process of updating, and revising where appropriate, the AQCD for
PM as issued in 1996. The roster of the CASAC PM Review Panel is found in Appendix A.

The CASAC PM Review Panel reviewed the October 1999 First External Review Draft
of the AQCD for PM in December 1999, focusing primarily on the organization, structure, and
presentation of material in the draft document. This was an early, incomplete draft of the PM
AQCD, and it was understood that additional information would be incorporated in subsequent
drafts. Accordingly, there was no expectation that the Panel would close on the draft document
at this stage of its development. Nevertheless, the Panel was generally complimentary about the
content and quality of this draft AQCD, while noting the need for considerable development both
in structure and content.

The Agency revised the document in response to CASAC PM Review Panel and public
comments, as well as to reflect additional new studies on PM effects that were not available in
time to be referenced in the First External Review Draft. In July 2001, the Panel met again in a
public meeting to review the March 2001 draft document, Air Quality Criteria for Particulate
Matter — Second External Review Draft. Despite the fact that this version of the document was
substantially revised and expanded, the Panel could not come to closure on that draft document
and requested that the Agency further revise the draft PM AQCD.

EPA again revised the document in response to comments from the Panel and the public,
and to reflect more new PM studies that had become available. The CASAC PM Review Panel
met again in a public meeting in July 2002 to review the two-volume, April 2002 Third External
Review Draft of the AQCD for PM. Following that third CASAC meeting, EPA again revised
the document in response to CASAC PM Review Panel and public comments, and also to take



into account peer-reviewed reanalyses of a number of epidemiological studies conducted to
address statistical modeling issues that were identified after release of the latest draft PM AQCD.

On June 30, 2003, the Agency made available for public review and comment a Fourth
External Review Draft of the revised AQCD for PM. The CASAC PM Review Panel met again
in a public meeting on August 25-26, 2003. In summary, the Panel felt that this version of the
draft document, while substantially improved over the Third External Review Draft, still
required additional revisions — to include a completely rewritten integrative synthesis (Chapter
9) — before it could be deemed to represent an acceptable assessment of the current science on
particulate matter. Dr. Les Grant, Director of EPA’s National Center for Environmental
Assessment (NCEA)/RTP, committed to draft a set of “framework questions” to be used to guide
the restructuring of Chapter 9 (“Integrative Synthesis”) of the PM AQCD. A teleconference was
held on October 3, 2003 for the Panel to discuss follow-on matters related to its review of the
Fourth External Review Draft of the AQCD for PM, and specifically, the discussion of the
‘framework questions” leading to the restructuring of Chapter 9.

Furthermore, on August 29, 2003, the Office of Air Quality Planning and Standards
(OAQPS), within EPA’s Office of Air and Radiation, made available for CASAC and public
review and comment the Review of the National Ambient Air Quality Standards for Particulate
Matter: Policy Assessment of Scientific and Technical Information (OAQPS Staff Paper — First
Draft) (first draft PM Staff Paper) and a related technical report, Particulate Matter Health Risk
Assessment for Selected Urban Areas (Draft Report) (draft PM Risk Assessment). The purpose
of the Staff Paper is to evaluate the policy implications of the key scientific and technical
information contained in the EPA’s AQCD for PM, and to identify critical elements that EPA
believes should be considered in the review of the PM NAAQS. In essence, the Staff Paper is
intended to “bridge the gap” between the scientific review contained in the AQCD for PM and
the public health and welfare policy judgments required of the EPA Administrator in reviewing
the PM NAAQS. The draft Risk Assessment describes and presents the preliminary results from
a PM health risk assessment for fine particles (PM,s), coarse fraction particles (PM;¢.,s), and
PM)o. The risk assessment methodology and preliminary results also are summarized in the first
draft Staff Paper. The general methodology used in the risk assessment had been previously
discussed in an advisory teleconference in May 2002 and two consultations (February 2002, May
2003). In these discussions, the Panel discussed the selection of cities to be examined as well as
the need to provide PM risk assessments as a basis of comparison with PM; s and PM . 5.

2. CASAC PM Review Panel’s Ongoing Review of the EPA Air Quality Criteria for
Particulate Matter (Fourth External Review Draft)

The CASAC Particulate Matter Review Panel held extended discussions with staff
members from NCEA on the plans for the completion of the Air Quality Criteria Document for
PM. There was an opportunity for the staff to obtain clarification on the comments provided in
the August 25-26, 2003 Panel meeting and the October 3, 2003 teleconference. The revised draft
Chapters 7 and 8 of the Fourth External Review Draft of the PM AQCD were provided to the
Panel and the public on December 30, 2003. A CASAC PM Review Panel teleconference to
discuss these two revised draft chapters was held on February 3, 2004. The draft version of the
integrative synthesis chapter (Chapter 9) is expected to be available shortly. A subsequent



meeting of the Panel is planned when the remaining issues related to Chapters 7 to 9 will be
reviewed.

3. CASAC PM Review Panel’s Initial Review of the EPA’s Review of the National Ambient
Air Quality Standards for Particulate Matter: Policy Assessment of Scientific and Technical
Information (OAQPS Staff Paper — First Draft)

Subsequently, the Panel reviewed the first draft of the Staff Paper for PM. This version
of the staff paper was a preliminary version since the Panel has not yet closed on its review of
the PM AQCD. In addition, further risk analyses and analyses of alternative forms of the PM
standards are planned and will be included in the next version of the staff paper that will be
presented to the CASAC PM Review Panel following the completion of the review of the AQCD
for PM. However, the Panel felt it was very useful to be able to review the SP in it current form
and to raise issues that are seen to need addressing while the air quality criteria document is
being finalized.

The remainder of this report summarizes the Panel’s collective comment of the current
version of the SP document. At this time, we are primarily focusing on the methodologies and
approaches being taken since the Panel recognizes that a revised draft of the PM Staff Paper will
be forthcoming that will reflect the changes in the AQCD as well as providing the results of the
additional risk analyses including those on alternative forms of the standard. The comments of
the individual Panel members are provided in Appendix B to this report.

In general, there is particular concern with respect to the lack of adequate consideration
for ecosystems and welfare effects such as urban visibility. We will return to this problem when
Chapter 5 (Characterization of PM-Related Welfare Effects) is evaluated later in this report. The
overall structure of the document and the approaches taken in the SP, with the exception of the
welfare effects, are appropriate, although there are a number of problems and issues that are
described in this report.

Chapter 2 (4ir Quality Characterization) reviews the basic atmospheric behavior of PM,
the current understanding of concentrations and measurements and the relationship of ambient
concentrations to human exposure. In general, this chapter is well written and represents a
comprehensive summary of information contained in Chapters 2, 3, and 5 of the Fourth External
Review Draft of the AQCD for PM. Nevertheless, there are some issues that the Panel would
like to bring to the attention of OAQPS.

The scientific information concerning coarse thoracic (PM., 5) particles is rather limited.
However, some specific properties of these particles that are important for establishing a
standard should be emphasized. These include: a shorter atmospheric lifetime; significant
differences in chemical and/or biological compositions of particles in this size range depending
on a geographical location; and, most importantly, a limited penetration into indoor
environments that can explain low correlation between personal exposure and outdoor
concentrations (as measured by central monitors). There need to be clearer distinctions made in
describing composition and aerodynamic properties among the various size fractions (ultrafine,



fine, and coarse) and additional discussion of how those differences then affect the patterns of
human exposure, dose to the lung, and variability of potential effects.

Section 2.8 discusses PM exposure assessment issues. This is a well-written section and
addresses some key findings. This section relies only upon older studies (PTEAM, for example)
and does not report findings from the more recent exposure assessment studies. The more recent
work provides important new information and should not be neglected. There should have been
more emphasis on the differences in behavior between fine and coarse particles. There is also
relatively low penetration of coarse particles in outdoor air (inversely related to particle size) into
indoor environments. Results from the very limited existing exposure studies of coarse particles
suggest no relationship between personal exposure and outdoor coarse particle concentrations.
The implications of these findings with respect to coarse particles need to be evaluated as an
important basis for the coarse particle standard.

Section 2.9 is not well-balanced between visibility and climate effects and does not
provide the background for the welfare assessments to be subsequently made in Chapter 5.

Chapter 2 should provide a sufficient base of information for the assessments. There is a
good amount of background material for the health effects assessment in Chapter 4
(Characterization of Health Risks), but there is not the parallel basis for the welfare effects
assessments in Chapter 5. There may not be adequate information, but if that is the case, the
document needs to reflect the lack of information. There needs to be a discussion of visibility
effects in both Class 1 areas and in urban areas. An important welfare effect for the standard-
setting process occurs when visibility in urban areas is reduced to low levels.

Chapter 3 (Characterization of PM-Related Health Effects) is a summary of the
information in the AQCD. It may benefit from the final version of the air quality criteria
document when the integrative synthesis provides a basis for a more cohesive presentation of the
understanding of the adverse health effects arising from exposure to airborne PM. However,
clearer distinctions need to be drawn between the strength of information that is available on
PM,g, PM; 5, and PM.5. Chapter 3 should only be a review of the state of knowledge
regarding human health effects of PM within the broader context of exposure to air pollution.
The current version was felt to present an objective view of the science without regards to its
specific policy implications. The Panel felt that the current version tended to take too much of
an advocacy view of the human health effects studies.

The PM Staff Paper, like the PM AQCD, lacks a clear set of criteria for the selection of
studies that are to be included in the discussion. Without the introduction of a well-defined set of
criteria, the question will continue to arise as to why some studies are included and others are
excluded. This leads to uncertainty as to the nature of the evidence reviewed and to the potential
for bias in the selection process, or at the least the perception that there may be bias.

The Staff Paper is characterized by the same fuzziness around critical concepts as the Air
Quality Criteria Document, particularly in relation to confounding effect modification and
causality. There is laxness in the language around these concepts that leads to ambiguity of
interpretation. In particular, the document does not carefully separate the quality and extent of



the evidence available from the conclusions that might be reached. Examples are highlighted in
specific Panelists’ comments provided in the appendix to this report. These issues have been
raised in the review of the PM AQCD and the clarifications to that document can help to focus
the discussion in the Staff Paper.

There is a considerable emphasis in the SP on “consistency and coherence.” The
demonstration of consistency of positive effects across time-series studies is in some sense the
result of a process that may involve selection of positive effect estimates in any given study from
the sometimes large number of estimates generated by data analysis; some of these estimates
may have been consistent with “no effect.” “Consistency,” if defined as positive effects in
multiple studies, is therefore a likely outcome of a selection and modeling process that may bias
towards including positive effect estimates. Further, the Agency’s discussion of the use of
findings from studies involving multiple cities (p. 3-89), in particular the National Morbidity,
Mortality and Air Pollution Study (NMMAPS), to argue for consistency of effects should
acknowledge the limitations of this modeling approach with respect to heterogeneity of results.

There is a significant difference between heterogeneity and variability in assessing results
across study sites as well as by study design. The fact that results do not appear to be uniformly
consistent is probably a strength in the data rather than a weakness. (For a thorough discussion
of this issue, see David A. Savitz. Interpreting Epidemiologic Evidence. Strategies for Study
Design and Analysis. Oxford University Press Inc., NY, 2003.) Because these studies are done
with variable degrees of like data sources, one would expect variable results. It is also
inappropriate to selectively assess studies involving multiple cities to select only those specific
cities having positive or negative estimates, as these studies were not intended to be analyzed or
interpreted in this fashion

The arguments put forward against considering the gaseous pollutants as confounding
factors have already been questioned in our comments on chapter 8 of the PM AQCD. The SP
incorrectly states that neither ozone nor SO, can be considered to cause cardiac effects (p. 3-73),
whereas both have been shown to have cardiac effects in experimental studies (e.g., Tunnicliffe
WS, Hilton MF, Harrison RM, Ayres JG, The effect of sulphur dioxide exposure on indices of
heart rate variability in normal and asthmatic adults, European Respiratory Journal 17 (4): 604-
608 APR 2001; Gong H, Wong R, Sarma RJ, Linn WS, Sullivan ED, Shamoo DA, Anderson
KR, Prasad SB, Cardiovascular effects of ozone exposure in human volunteers, American
Journal Of Respiratory And Critical Care Medicine 158 (2): 538-546 AUG 1998). The
suspicion that air pollutants can cause cardiac effects is relatively new, so that there are very few
data on cardiac effects of pollutants other than PM.

The Staff Paper repeats the argument in the PM AQCD in support of the notion that the
gaseous pollutants are merely surrogate measures of ambient PM, and, interestingly, that CO and
NO; are markers of vehicle-generated PM, and that SO, and ozone are markers of sulfate (p. 3-
74). The Panel has raised questions regarding this material in Chapter 8 of the AQCD and thus,
the same concerns prevail here. The ozone-sulfate correlations are often weak, so that ozone
does not appear to be an appropriate indicator of sulfate. On the other hand, we are developing a
better understanding that some pollutants are useful source indicators and of the complicated
relationships among the concentrations of some key pollutants as they co-exist and interact in the



air pollution mixture. We need to acknowledge the possibility that PM itself is simply a
surrogate as well for the air pollution mixture and that the effects attributed to PM largely reflect
exposure to the urban air pollution mixture more generally. The main disagreement is whether
PM itself is immune from such considerations, that is, whether (1) gaseous pollutants are
surrogate measures of PM; or (2) all of the pollutants, including PM, are surrogate measures of
aspects of the atmospheric pollutant-meteorology mix.

The figure on p 3-96 and the corresponding discussion in the text (p. 3-94) attempt to
address the plausibility of confounding by the gaseous pollutants by plotting effect estimate size,
i.e., relative risk (RR) against gaseous pollutant concentration for several studies. The fact that
RR does not increase with increases in gaseous pollutant concentrations is taken as evidence that
confounding by gaseous pollutants is unlikely. While this information is informative, this
conclusion does not follow. Joel Schwartz introduced the approach of plotting effect size against
the temporal correlation between PM and the gaseous pollutants, and this approach should also
be cited.

The Panel continues to have concerns regarding the reporting of the “best lag” approach
that was used in the AQCD and we again suggest that there is literature on this issue, particularly
the work of Lumley and Sheppard (Assessing seasonal confounding and model selection bias in
air pollution epidemiology using positive and negative control analyses. Environmetrics 11: 705-
717, 200) that provides clear guidance on this issue.

The Panel agrees that the multi-city studies should be given the most weight. However,
not all multi-city studies should be given equal weight. Not only are multi-city studies
characterized by more precise estimates of effect, but some also use an unselected sample of
cities and theoretically avoid publication bias. Only the NMMAPS and the Canadian studies, of
the studies listed in Table 3-2 (p. 3-17), are unselected. The NMMAPS estimates of effect are
the lowest, and the Canadian effects are sensitive to model specification. Thus, care needs to be
taken in the interpretation of other multi-city studies.

There is a suggestion that generalized additive models (GAM) are preferable over
generalized linear model (GLM) approaches and it is not clear to the Panel that this choice is
appropriate. There are advantages and disadvantages to each and the application also depends
on the actual model being fitted as well as the fitting technique.

An important issue that is not adequately addressed is the nature of the exposure-response
relationship, as characterized in the epidemiological studies. The data from most studies,
including the various time-series studies and the cohort studies, have been analyzed using linear
models, mostly without a threshold. These models estimate the increment in relative risk per
unit exposure, generally without consideration of the actual levels of exposure. Such linear
models, while indicating an adverse effect do not explicitly consider the levels at which the
effects were estimated. Thus, these results provide little guidance as to where a standard could
be set to provide “an adequate margin of safety.” This issue needs more thoughtful discussion in
the PM staff paper.



Chapter 4 (Characterization of Health Risks) reports the results of the risk assessments
for PM; s, PM, and PM (., 5 based on the current forms of the PM NAAQS, using the
methodology that had been employed in the last round of the development of the NAAQS for
particulate matter. The exposition of the risk assessment would benefit from a clear discussion
of the near-linearity of the concentration-response function and its implications for time-
averaging. The “effective threshold” sensitivity analyses may be the only calculations in which
nonlinearity plays an essential role.

To provide a perspective on the risks being estimated in this analysis, the PM SP should
provide coverage of the baseline morbidity and mortality statistics for at least the cities for which
the risk assessments are being applied as well as more general regional and national values with
special reference to cardiovascular and respiratory morbidity and mortality statistics. It is
important that the SP include such statistics in order to: (a) provide perspective on PM-associated
health responses; and (b) emphasize their central role in interpreting relative risk models for PM-
associated health responses. There also needs to be additional sensitivity analyses for “effective
threshold”, particularly since, on page 130 of the Abt document, the statement is made “Different
choices of slope adjustment methods can yield substantially different results.” The document
should provide a perspective on the range of these different results.

The Panel was disappointed with the ecological portion of Chapter 5 (Characterization of
PM-Related Welfare Effects) which does not move toward a risk-based approach to evaluating
the ecosystem effects. This SP was an initial opportunity to begin to frame ecosystem risk,
although it is likely that there was insufficient data to permit a full risk assessment to be made.
The Ecological Processes and Effects Committee (EPEC) of the EPA Science Advisory Board
(SAB) prepared a document describing a framework for performing a risk assessment. This
document appeared in the middle of the PM review process and thus, a full risk assessment
process beginning in the PM Air Quality Criteria Document was not practical. However, it
would have been useful in the SP to begin the move toward the risk assessment approach. This
same protocol underpins all of the human health section in the Staff Paper, and it provides a
structure and framework for the analysis. It would have been useful to use the PM SP to begin to
develop the framework such that it could be more effectively employed in the future when other
criteria pollutants are being assessed.

The Staff initial efforts in addressing PM-related effects on vegetation and ecosystems is
based on the overriding assumption that, for the most part, one can attribute the response or
responses of a receptor to a given air quality stressor within a given short time frame. This
approach simply does not work in the case of PM. This is very unfortunate from the standpoint
of environmental protection, especially in light of the fact that there are some forested
ecosystems in the U.S. which are showing clear evidence of “nitrogen saturation,” a portion of
which is due to particulate nitrate deposition. The problem here is that this “nitrogen saturation”
has been brought about by chronic long-term exposure to elevated nitrogen deposition. It is the
cumulative load of nitrogen over time that has resulted in some forested ecosystems being
nitrogen saturated. Some would say that the fact that we do not know the exact contribution of
“particulate nitrate” deposition to the nitrogen saturation evidenced in some forest ecosystems
prevents us from doing anything. This is not true. What is needed is a philosophical change in
the way one approaches ecosystem protection. The European concept of “critical loads” is



suggested as one possible scientific approach. This approach would more readily lend itself to
risk assessment than the current information.

EPA appears to (again) be avoiding or postponing any serious consideration of a short-
term secondary PM, s standard to address adverse visibility effects. The Agency previously
reported to Congress in 1979 that “Recently initiated research efforts in monitoring of fine-
particles, transformation and transport studies, and progress in evaluating visibility values could
provide support for a decision on the desirability of such an air quality standard by 1982 or
1983.” “New” materials presented in the staff paper — including a preliminary comparison of
Automated Surface Observing System (ASOS) visibility data and nearby PM; 5 data and a
proposed photographic evaluation method to determine public judgments of “adverse” visibility
levels — are cited as approaches that could be employed in a future round of PM AQCD review
and standard setting. These efforts indeed confirm and extend findings that have been well-
established for 20 years, and raise the question why there should not be serious consideration of
a secondary standard at the present time. EPA is moving rapidly to include continuous PMj s
mass monitors in the compliance monitoring network which is critical to provide better
information for health studies, but at the same time, provides a near-term opportunity for
applying a secondary standard for urban visibility protection. As noted in the Agency’s 1979
Report to Congress, “such a standard would accelerate progress toward improved visibility
throughout the Eastern United States and might also increase the efforts for visibility
improvements in major urban areas of the Western United States. Thus, a secondary air quality
standard for fine particles could effectively complement visibility protection programs in class I
areas.” A sub-daily averaging time, for example 6 or 8 daylight hours, would be especially
relevant for addressing the most perceptible adverse visibility effects of PM; s in non-Class 1
(urban and suburban) areas, would tighten the (dry) PM, s/(ambient) visibility relationship by
reducing the influence of ambient aerosol water, and would substantially minimize the
differences between Eastern and Western conditions.

The current short-term 24-hour primary standard of 65 Fg/m® (which is also the
secondary standard) offers no protection against adverse visibility effects. At a minimum, EPA
should dispense with the pretense that this is a secondary standard which offers any protection at
its current level or even if a primary standard were set toward the upper end (50 Fg/m3)
suggested for a revised short-term primary standard. Severely impaired visibility can be seen on
days when PM, s does not exceed 50 Fg/m’, illustrating that lowering the primary standard to the
upper end of the (30-50 Fg/m’) range suggested would also offer no protection against adverse
visibility effects. EPA’s recent practice of setting secondary standards equal to the level of
primary standards has no logical justification, and presumes that human health is always more
sensitive to pollution effects than any other component of the environment or public welfare.
This is simply not true for visibility effects. The human eye may be more sensitive to short-term
PM, s variations than is the human cardiopulmonary system, and as concentrations approach
zero, perceptible visibility effects can be detected at concentrations less than a few Fg/m’.

The majority of the Panel concluded it is premature to provide a detailed review of
Chapter 6 (Staff Conclusions and Recommendations on PM NAAQS) since significant changes
are still needed in the earlier chapters providing the review of the science. We have debated
whether or not to provide any comments and the Panel has decided that we want to wait until the



PM AQCD is complete and the revised version of the PM Staff Paper based on the completed
AQCD is provided to us. However, there are members of the Panel who have provided their
individual comments on the draft version of this chapter. There is clearly a diversity of views on
the Staff Paper in its current form. Careful attention to the revisions will be needed to resolve the
issues that have been raised. We hope the comments in this report and the attached individual
comments help to improve the next version of the Staff Paper. As always, the Panel wishes the
Agency well in this important endeavor.

Sincerely,

Dr. Philip K. Hopke, Chair
Clean Air Scientific Advisory Committee

Appendix A — Roster of the CASAC Particulate Matter Review Panel
Appendix B — Review Comments from Individual CASAC Particulate Matter Review Panelists
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Appendix A — Roster of the CASAC Particulate Matter Review Panel

U.S. Environmental Protection Agency
Science Advisory Board (SAB) Staff Office
Clean Air Scientific Advisory Committee
CASAC Particulate Matter Review Panel*

CHAIR
Dr. Philip Hopke, Bayard D. Clarkson Distinguished Professor, Department of Chemical
Engineering, Clarkson University, Potsdam, NY

Also Member: SAB Board

CASAC MEMBERS
Dr. Frederick J. Miller, Vice President for Research, CIIT Centers for Health Research,
Research Triangle Park, NC

Mr. Richard L. Poirot, Environmental Analyst, Air Pollution Control Division, Department of
Environmental Conservation, Vermont Agency of Natural Resources, Waterbury, VT

Dr. Frank Speizer, Edward Kass Professor of Medicine, Channing Laboratory, Harvard
Medical School, Boston, MA

Dr. George E. Taylor, Jr., Professor and Assistant Dean, School of Computational Sciences,
George Mason University, Fairfax, VA

Dr. Sverre Vedal, Professor of Medicine, National Jewish Medical and Research Center,
Denver, CO

Dr. Barbara Zielinska, Research Professor, Division of Atmospheric Science, Desert Research

Institute, Reno, NV

CONSULTANTS
Dr. Jane Q. Koenig, Professor, Department of Environmental Health, School of Public Health
and Community Medicine, University of Washington, Seattle, WA

Dr. Petros Koutrakis, Professor of Environmental Science, Environmental Health, School of
Public Health, Harvard University (HSPH), Boston, MA

Dr. Allan Legge, President, Biosphere Solutions, Calgary, Alberta



Dr. Paul J. Lioy, Associate Director and Professor, Environmental and Occupational Health
Sciences Institute, UMDNJ - Robert Wood Johnson Medical School, NJ

Dr. Morton Lippmann, Professor, Nelson Institute of Environmental Medicine, New York
University School of Medicine, Tuxedo, NY

Dr. Joe Mauderly, Vice President, Senior Scientist, and Director, National Environmental
Respiratory Center, Lovelace Respiratory Research Institute, Albuquerque, NM

Dr. Roger O. McClellan, Consultant, Albuquerque, NM

Dr. Giinter Oberdorster, Professor of Toxicology, Department of Environmental Medicine,
School of Medicine and Dentistry, University of Rochester, Rochester, NY

Dr. Robert D. Rowe, President, Stratus Consulting, Inc., Boulder, CO

Dr. Jonathan M. Samet, Professor and Chair, Department of Epidemiology, Bloomberg School
of Public Health, Johns Hopkins University, Baltimore, MD

Mr. Ronald H. White, Research Scientist, Epidemiology, Bloomberg School of Public Health,
Johns Hopkins University, Baltimore, MD

Dr. Warren H. White, Visiting Professor, Crocker Nuclear Laboratory, University of California
- Davis, Davis, CA

Dr. George T. Wolff, Principal Scientist, General Motors Corporation, Detroit, MI

SCIENCE ADVISORY BOARD STAFF

Mr. Fred Butterfield, CASAC Designated Federal Officer, 1200 Pennsylvania Avenue, NW,
Washington, DC, 20460, Phone: 202-564-4561, Fax: 202-501-0582, (butterfield.fred@epa.gov)
(FedEx: Fred A. Butterfield, III, EPA Science Advisory Board (1400A), Ariel Rios Federal
Building North, Suite 6450, 1200 Pennsylvania Ave., NW, Washington, DC, 20004, Tel.: 202-
564-4561)

* Members of this CASAC Panel consist of:

a. CASAC Members: Experts appointed to the statutory Clean Air Scientific Advisory Committee by
the EPA Administrator; and

b. CASAC Consultants: Experts appointed by the SAB Staff Director to serve on one of the
CASAC’s National Ambient Air Quality Standards (NAAQS) Panels for a particular criteria air pollutant.
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Appendix B — Review Comments from
Individual CASAC Particulate Matter Review Panelists

This appendix contains the preliminary and final written comments of individual members of
the Clean Air Scientific Advisory Committee (CASAC) Particulate Matter (PM) Review Panel
who submitted such comments electronically. The comments are included here to provide the all
suggested edits, a full perspective, and range of individual views expressed by Subcommittee
members during the review process. These comments do not represent the views of the CASAC
PM Review Panel, the CASAC, the EPA Science Advisory Board, or the EPA itself. The
consensus views of the CASAC PM Review Panel and the CASAC are contained in the text of
the report to which this appendix is attached. Panelists providing comments are listed on the
next page, and their individual comments follow.
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Panelist Page #
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Dr. Frederick J. Miller

Review Comments: OAQPS Staff Paper-First Draft 11_20_2003
Fred J. Miller, Ph.D.

2. Air Quality Characterization

General Comments

Overall, this chapter does a good job of providing the background information to understand
how PM is characterized, what the emission sources are, the measurement methods used to
determine PM levels, and the nature of the trends and spatial patterns of PM in the United

States.

Specific Comments

p. 2-20

p. 2-25, 1.1

p. 2-28

What is magical about requiring 11 observations per quarter to use the data from
a monitoring site, particularly as the various standards have now resulted in
sampling schedules in monitoring programs that are different from what led to
Appendix N of the July 18, 1987 Federal Register notice specifying at least 11
observations are required for a site. Staff should examine if there would be an
impact on the risk modeling that is undertaken in subsequent sections of the staff
paper should a different specification of number of samples be used?

Using the monitor with the highest concentration in each monitored county to
represent the value for that county is a biased accounting of the PM
concentrations present in any given geographical area. The CD shows that some
cities have extensive variability among monitors, and the variability for PM 10-2.5
should be substantial in large metropolitan areas. Some weighting of the site
monitoring values by the size of the surrounding population could easily be done
and would result in a much more representative and far less biased
concentration for use in the risk analyses. The tremendous influence on risk of
which way the monitors are used in an area is borne out in Table 4-12.

The % Diff reported in Table 2-4 is based upon using the maximum site value in
the denominator. It seems like the % Diff should be based on the minimum site
value. This would show that there is even more variability among sites that what
staff have chosen to represent as the amount of variability.

3. Characterization of PM-Related Health Effects

General Comments

Throughout this chapter, the staff paper fails to acknowledge the difficulty of ascribing effects
only to PM as opposed to PM as a reflection of the ambient mix of pollutants. Multi-pollutant
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models presented in the CD typically show substantial decreases in the magnitude of effect
estimates for PM and have other pollutants also statistically significant and yet the CD typically
portrays gaseous pollutants as only representing surrogate measures of ambient PM. This
makes one wonder -- when the Ozone CD comes around, will PM be presented as merely a
surrogate for ozone? Staff appear to fixate on PM, to not fully describe deficiencies in current
studies in treating weather, and to not acknowledge the sensitivity of effect estimates to model
specification and fitting procedures.

Here, | repeat the comments | made using data in Chapter 9 of the CD (The Integrative
Synthesis chapter) relative to presenting an analysis using all of the studies in Chapter 8 of the
CD that would identify where the strongest case can be made for the need for PM standards in
light of the various studies that have been conducted. The staff paper authors have been quite
selective in their use of studies to identify the appropriate indicator variable be that PM 10, PM
2.5, or PM 10-2.5. However, if all the studies in Chapter 8 were used, one would quickly see
that PM 10 provides the most consistent indicator of various types of effects ranging from
mortality to respiratory morbidity despite what has obviously been an a priori science policy and
political decision that the Agency will move forward with promulgation of separate PM 2.5 and
PM 10-2.5 standards.

Using only the data in Chapter 9 of the CD, one sees that PM 2.5 also does a reasonably good
job for mortality and respiratory morbidity but is much poorer as an indicator variable for
cardiovascular morbidity as is PM 10. In fact, for cardiovascular morbidity, PM 10-2.5 does
almost as good a job as does PM 10. While the table below is a relatively simple one and does
not account for various investigators analyzing the same city by different methods or over a
different period of time, the point is that the data in Chapter 8 of the CD provide a wealth of
information for attempting to identify the appropriate PM indicator variable and the level of that
variable against which public health should be protected. The current development of the PM
story in Chapter 3 of the Staff Paper reflects a more selective rather than a weight of the
evidence analysis.

Total No. PM 10 PM 2.5 Pm 10-2.5
Endpoint Analyses | No. | % Positive | No. | % Positive | No. | % Positive
Mortality 39 26 62 29 59 19 12
Cardiovascular Morbidity 18 18 56 8 38 6 50
Respiratory Morbidity 24 23 78 13 62 7 29

Specific Comments

p.3-7,1.18  The statement of some of the toxicology studies using relatively low doses that
are close to ambient concentrations needs to be documented with references. In
my opinion, none of these studies are at low enough doses.

p. 3-10, 1. 13 The staff paper asserts papers supporting new indices of morbidity such as low
birth weights. The specific studies are limited, d0 not show anything other than




p. 3-15, I,

p. 3-18, 1.

p. 3-29, I.

p. 3-31, I,

p. 3-41, 1.

p. 3-42, 1.
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an association, and are far from being in the category of supporting that PM is
causative. Some of the caveats associated with these studies should be provided
at a minimum. Moreover, later on (p. 3-41, |. 10) the staff paper quotes the draft
CD as the results of these studies being suggestive of a causal relationship
between PM exposure and infant mortality. This statement is too strong given the
evidence and should be modified in both the CD and the staff paper.

Mortality results are cited from the multi-city and single-city studies as being, with
only a few exceptions, generally positive with many being statistically significant.
The NMMAPS analyses show only 2 out of 90 cities as being statistically
significant for PM effects. Realizing that the NMMAPS was not designed to infer
city specific effects, the staff paper still seems to be accepting values positive but
not statistically different from zero as being supportive of PM effects. This is, in
my opinion, out of line with the statistical rigor one would expect for setting of
standards of such national importance.

The heterogeneity of PM effect estimates is commented on and then dismissed
as attributing to the way the cities were selected and not necessarily individually
having the power to compare with single-cities. That being said, | have to agree
with Dr. Suresh Moolgavkar when he notes in his written comments that the
individual city effects for the 15 northeast cities lie between 0.223 and 0.271 and
yet the regional effect estimate is 0.409 as a situation that flies in the face of
common sense. The empirical Bayes estimation procedure with the hierarchial
method appears suspect.

The statement that effect estimates between PM 10-2.5 and total mortality are
generally positive though less likely to reach statistical significance compared to
PM 2.5 and total mortality represents a stretch beyond reasonable interpretation.
Only 3 out of 19 studies have PM 10-2.5 being statistically significant.

A range of 2-20% for cardiovascular or cardiorespiratory mortality represents a
significant level of uncertainty about the potential effects of PM on these
endpoints. Yet the general thrust throughout the staff paper is that the results are
quite coherent for PM effects. Staff need to acknowledge that there is more
uncertainty in effect estimates that what is frequently currently stated.

The discussion about PM exposure and infant mortality is overstated in the
conclusion of the paragraph where the CD is cited as concluding the results of
these studies are “suggestive of a causal relationship between PM exposure and
infant mortality”. Discussions at the November 12-13 CASAC meeting reinforced
my belief that this is too strong a statement in the CD and is not warranted in the
Staff paper. These 4 studies show association at best and clearly do not warrant
a statement implying causality.

The life shortening study of Brunekreef is puzzling. If the population life
expectancy was truly reduced by 1.31 years with an exposure difference of 10 ug
per cubic meter, epidemiology studies conducted in underdeveloped countries
should clearly detect this. To my knowledge they do not. This makes the CD
comment that the potential loss of population life expectancy might be even
greater than Brunekreef’s estimate even harder to believe to be plausible.



p. 3-50, I. 20

p. 3-60, I. 1

p. 3-78,

This sentence and the next one are gross overstatements of the strength of the
associations between PM 10-2.5 and admissions for both respiratory and
cardiovascular diseases. Only 1 of 7 respiratory and 2 of 10 cardiovascular
disease admission studies shown in Figure 3-9 are statistically significant and
about 7 of these studies have a positive value of less than about 2%. Staff's
presentation of the strength of these results is not warranted.

The statement “The results of U.S. and Canadian studies, presented in Table 3-
4, generally show increased symptoms and decreased lung function with
increases in PM exposure” is an incorrect representation of the data by staff. For
the PM indicators present in the table, only 3 of the 14 are statistically significant.
Moreover, of the 3 that are statistically significant, 2 relate to PM 15/10 indicators
and one to sulfates. How staff could conclude these findings support the need for
PM 2.5 or PM 10-2.5 standards is beyond me. The data contained in Figure 3-
11a and Figure 3-11b are far more useful for any arguments relative to these
endpoints for PM 2.5 and PM 10-2.5, respectively.

The section on lag periods should make a clearer statement that the potential
additivity of effects and the usefulness of distributed lags is more likely to be a
possibility for alveolar level effects. Given the rapid clearance of particles from
the head and conducting airways, effects from day to day are less likely to be
cumulative.

4. Characterization of Health Risks

General Comments

Overall, the types of analyses and assumptions used are adequately described in this chapter.
As a first draft, the chapter gives one a flavor or what the final chapter will need to contain. In
this regard, there will be a need to be much more comprehensive in examining the validity of the
assumptions, in presenting various sensitivity analyses, and illustrating the important findings
without overwhelming the reader in minutia. As noted in specific comments below, more
attention to thresholds and selection method for monitors to use in the risk analyses are

needed.

Specific Comments

p. 4-11

p. 4-30, |. 22

There are two figures labeled as Figure 4.1. They appear on pages 4-11 and 4-
18.

“Once it had been determined that a health endpoint was to be included in the
assessment, inclusion of a study on that health endpoint was not based on the
existence of a statistically significant result.” This approach appears to impart a
selection bias for the risk calculations because Staff did not adequately explain
how the calculations were done, so the text should be clarified. However, it would



p. 4-31

p. 4-35, |. 22
p. 4-36, |. 17
p. 4-40,1. 10
p. 4-44

p. 4-47
p.4-61,1. 3

still be very informative to compare the risk estimates from this approach with
those generated only from statistically significant studies on the given endpoint.

The section on hypothetical thresholds is a good start but falls short of rigorously
examining what is potentially the most critical factor for the overall risk estimates
and the implication of appropriate levels for PM standards to protect adequately
the public health. The current approach evaluates specific “effective biological
thresholds” and determines the risk for exposures that exceed the threshold.
However, that is not the same as fitting alternative models that have a threshold
and see how well these models fit the data. The fact that most investigators have
used only log-linear models further amplifies the inadequacy of the current
analyses to be definitive on the subject of thresholds.

The statement is made that a sensitivity analysis was conducted to examine the
potential impact of using a distributed lag approach for short-term mortality
associated with PM 2.5. However, no results of that sensitivity analysis are
presented. And the reader should not have to go to the document entitled
“Particulate Matter Health Risk Assessment for Selected Urban Areas: Draft
Report” to dig out the results of this analysis.

The point is made that the draft CD concludes that the “lack of consistent findings
in the AHSMOG study and negative results of the VA study, do not negate the
findings of the Six Cities and ACS studies”. Factually this is a correct statement
but the reasons given for excluding the AHSMOG and VA studies are superficial.
The important point that is missed is that the failure to include all of these studies
potentially overestimates the true PM risk.

| strongly object to the rationale provided for why the confidence intervals were
truncated at zero. Not allowing the confidence interval to be negative misleads
readers into thinking there is always an effect. This truncation violates one of the
basic tenants of accurate statistical presentation of data. Moreover, uncertainty
analysis methods applied to truncated intervals would lead to under reflecting the
amount of uncertainty present in the effect estimates.

Figures 4-4 through 4-8 would be much easier to understand if a line was
inserted to create panels and the specific biological response was identified at
the top of the panel. Having to go to the complicated figure legend is a serious
detraction.

Figure 4-7 is the most compelling figure in the entire staff paper as to the need
for an annual standard for PM 2.5. (Provided the truncation at zero is corrected.)

Why not refit the C-R with the same original model but subtracting the
“hypothetical threshold”? As pointed out in the supporting documentation (Abt,
2003b) the weighted average of the two hockey stick slopes is only one of many
ways the slope adjustment could be made and that substantially different results
would be possible. Later on in this paragraph, staff note that these sensitivity
analyses are intend only to be illustrative of the possible impact on the risk
estimates of alternative hypothetical thresholds (I prefer “effective biological
thresholds”) and that a more thorough evaluation would require re-analysis of the
original health and air quality data. Given the billions of dollars that will be
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p. 4-68

p. 4-70

required to meet current or tighter PM standards, | think OAQPS is obligated to
pursue these re-analyses. The need for a better examination of thresholds is
reinforced on page 4-66 of the Staff Paper where the statement is made “Based
on the results from the sensitivity analyses, the single most important factor
influencing the risk estimates is whether or not a hypothetical threshold exists
below which PM-related health effects do not occur”. From a teleological and
practical scientific perspective, | am of the opinion that “effective biological
thresholds” exist for PM effects and that the thresholds are themselves different
depending upon the biological endpoint under consideration. Most
epidemiologists have used log-linear models in their analyses. This model
specification basically ascribes Habers Law relative to the relationship between
PM exposure levels and time and does not allow the model to identify a
threshold. Habers Law is merely a special case of the more general power law
family and has been shown not to apply to most biological data sets (Miller et al.,
Toxicology 149: 21-34, 2000). Given all of this, at a minimum, the Staff paper
should explore additional sensitivity analyses for the “effective threshold”,
particularly since on page 130 of the Abt document the statement is made
“Different choices of slope adjustment methods can yield substantially different
results”.

Clarify the figure legends. Are the estimates over the course of a year or what?

The sensitivity of the percent rollback needed to just meet the annual PM 2.5
standard to whether the maximum of monitor-specific annual averages is use or
the average of monitor-specific annual averages is clearly demonstrated in Table
4-12. The use of the maximum represents a force fit that produce maximum risk
estimates and clearly is not an unbiased representation of the likely exposure
values and therefore likely risk for most of the population living within any of the
major urban areas. Discussion at the November 12-13 meeting brought out that
states and localities can pick either the maximum or the average across the area
for use in their compliance and implementation programs — a situation that |
believe needs to be changed. There is no reason that census data and
population weighting methods should not be used in conjunction with specific
monitor values to determine the extent of rollback needed to meet PM standards.

6. Staff Conclusions and Recommendations on PM NAAQS

General Comments

Staff are quick to hone in on a narrow range for consideration of the potential range of
concentrations that could be considered for 24 hour and annual standards. The text comes
across currently as a proscribed directive to hold the line at the current annual average for PM
2.5 at a minimum and to fill in where the Court said the Agency had to go to cover coarse-
fraction particles. There is not much acknowledgement that the data base in support of and the
case for a PM 10-2.5 standard is not a particularly strong one. In addition, the uncertainties in
risk estimates due to the sensitivity analyses developed in Chapter 4 receive little attention here.
The aspect of an “effective biological threshold” for some PM effects does not appear to be
reflected in any of the ranges of values for the annual and short-term standards that are
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discussed. | would expect the next draft of the Staff Paper to include more analyses of the
implications of various options and concentration ranges taking into account the uncertainties
explored via sensitivity analyses.

Specific Comments

p. 6-5, 1. 22

p.6-8,1.9

p.6-8, 1. 14

p.6-18, 1. 13

p.6-21,1.6

The life shortening new studies, infant mortality and other effects that are quoted
from the CD, if further substantiated, as implying a significantly larger life
shortening that previously estimated is a statement that comes across as
“grasping at straws”. Given the uncertainties already in the data base, this is a
weak argument in favor of tightening the current PM 2.5 standards.

EPA staff now conclude the Court was correct in arguing that PM 10 is not an
appropriate indicator for coarse-fraction particles. Some of the Court’s basis for
this decision was the double counting contained in PM 2.5 and PM 10 standards.
I submit that double counting still exists, although at a diminished level, given the
overlap that occurs if the PM 2.5 sampler has a 50% cut point at 2.5 ym and the
PM 10-2.5 sample is obtained by differencing values from PM 2.5 and PM 10
samplers. This issue will need to be resolved because even a couple of
micrograms of mass will have a tremendous impact on compliance monitoring.

The argument is presented that we now have a lot more information about PM
10-2.5 and there is no need to rely on PM 10 as a coarse fraction indicator. The
footnote provides a big caveat in that almost all of the PM 10-2.5 values are
estimated from collocated PM 2.5 and PM 10 monitors. Moreover, the argument
put forth is strictly an aerosol science and not a biological one because < 2.5 ym
compared to 2.5 ym < X < 10 ym has extensive overlap in regional deposition in
the respiratory tract.

The authors of the Canadian studies that were reanalyzed noted the sensitivity of
their analyses to temporal smoothing methods. The text should be clarified to
note that the Phoenix and Santa Clara County studies were also reanalyzed and
examined for temporal smoothing effects given that EPA Staff are placing great
weight on these studies as lending support for considering an annual standard
lower than the current one for PM 2.5.

The topic of monitoring values and the way that they are averaged is raised as a
concern about sufficient uniformity in public health protection across the country,
and staff indicate they are going to explore this issue further in the next draft.
This is most approp